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100 Lord Rayleigh--Spectroscoplc _hrotes 

quality as well as quantity; that is, this equality between~ 
the radiation and absorption must hold for every individual 
description of heat "*. 

Surely this goes to the root of the matter, and it presents 
the argument in its most natural form. Kirchhoff's inde- 
pendent investigation of a year and a half later~ is more 
formal and elaborate, but scarcely more convincing. 

No one in England or elsewhere disputes the great obliga- 
tions under which Spectrmn Analysis lies to Kirchhoff. In 
a passage quoted by Dr. Kayser (lee. clt. p. 92) from Lord 
Kelvin--"  To Kirchhoff belongs, I believe, solely the great 
credit of having first actually sought for and found other 
metals than sodimn in the sun " - - the  force of " solely" seems 
to have been misunderstood. I have Lord Kelvin's authority 
for interpreting this to mean that the entire credit of the dis- 
covery mentioned belongs to Kirchhoff, not that he is 
entitled to no credit in other directions. 

VI. Spectroscop{c Notes concerning tTte Gases of  the 
Atmosphere. B y  .Lord RAYLEmH, tZ.R.S.$ 

On tile ~sibility of H~jdrogen in Air. 

M Y first experiments ripen this question were made in 
July 1897. The sparks were taken between platinum 

points in a small chamber through which dried air at 
atmospheric pressure could be led, and the spectrum was 
examined with a spectroscope of two prisms. The C-line 
could be very nearly obliterated by careful drying. But if 
~-~ part by volume of hydrogen were added and the mixture 
passed afterwards through the phosphoric anhydride, the 
increased visibility of C was very marked. At that time I 
was occupied with the density of carbonic oxide and 
interested in the question as to whether it contained appreci- 
able quantities of hydrogen w When carbonic oxide, pre- 
pared from prnssiate of potash and dried as for weighing, 
was passed through the apparatus, the C-line became nearly 
invisible ; but the test with carbonic oxide was thought to be 
less delicate than with air in consequence of the proximity of 
another bright line in the former case. 

I have lately resumed these experiments, induced thereto 
principally by the remarkable results of M. Gautier. This 
observer, working by chemical methods, finds that air normally 

* Edin. Trans. vol. xxii. p. 13, March 1858. 
Jr Manatsbericht der Akad. d. Wiss. zu Berlin, Dec. 1859. 
:~ Communicated by the Author. 
w Prec. Roy. Soc. vol. 62, p. 205 (1897). 
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concerning tile Gases of the Atmosphere. 101 
2 contains about ~ of hydrogen in addition to variable 

amounts of hydrocarbons. It appeared to me that a spectro- 
scopic confirmation would be interesting. 

Using the old apparatus, in which the tubes conveying 
the gas and the electrodes were fitted into a rubber cork, I 
could not succeed in getting quit of C from the spectrum of 
somewhat powerful sparks, however carefully the air were 
dried. The coil was excited with five Grove cells and a large 
leyden-jar was connected with the secondary in the usual 
way. This observation was of course consistent with the 
presence of hydrogen in the atmosphere; but it was 
suspicious that the best approach to evanescence was obtained 
with a somewhat brisk rather than with a slow current of air, 
indicating that the source of the hydrogen was in the 
apparatus rather than in the atmosphere. As it seemed 
desirable to apply heat, I discarded the old apparatus~ sub- 
stituting for it a simpler one consisting merely of a small 
bulbous enlargement of the gas-leading tube. Into this the 
platinum electrodes were sealed. The gases under examina- 
tion were stored under slight pressure and on leaving the 
reservoirs were partially dried with sulphurie acid. A three- 
way tap allowed the easy substitution of one gas for another. 
After passing this tap the gas was further dried by phosphoric 
anhydride on its way to the sparking-bulb. 

The application of heat to the bulb and to the short length 
of tubing between the bulb and the phosphoric anhydride led, 
as was expected, to a recrudescence of C. Subsequently 
there seemed to be au improvement. :Not only was C less 
conspicuous, but its visibility remained about the same 
although the rate of flow were varied, i t  is difficult to 
describe in words the effect upon the eye, but I may say that 
with the actual spectroscopic arrangements including a some- 
what, wide slit the line could be certainly and steadily seen. 

The above was the appearance with a stream of (country) 
air. When air to which 1 ~0~o part of hydrogen (by volume) 
had been added was substituted, the visibility of C was 
markedly increased; and the difference was such that oue 
could easily believe that the proportion of hydrogen actually 
operative had been doubled. This conclusion would be in 
precise agreement with M. Gautier~ could we assume that 
the smaller quantity of hydrogen really accompanied the air. 
But the facts now to be recorded render this assumption 
extremely doubtful. 

In the first place the visibility of C with ordinary air was 
~ot perceptibly diminished by passage of the air over red hot 
cupric oxide included between the sulphuric acid and the 
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102 Lord Rayleigh--Spectroscoplc ~otes 
three-way tap. I t  may be argued that cupric oxide is not 
competent in moderate length to remove the last. traces of 
hydrogen from air, even though the air be passed over it in 
a slow stream, l found, however, on a former occasion* 
that hydrogen purposely introduced into nitrogen could be so 
far removed in this way that the weight remained sensibly 

1 unaffected, although lo~0 of residual hydrogen might be 
expected fo manifest itself. 

Moreover, when air purposely contaminated as above with 
--L1 of hydrogen was passed over the copper oxide, the ~ooo 
additional hydrogen appeared to be removed, the visibility of 
C reducing itself to that corresponding to untreated air. 

Being desirous of testing the matter as far as possible, 1 
have experimented also with nitrous oxide and with oxygen. 
In the fbrmer case the general appearance of the spectrum is 
much the same as with air. The C-line was thought to be, 
it' anything, more visible than in the case of air, but the 
difference could not be depended upon. Two samples of gas 
were tried, one from an iron bottle as supplied commercially, 
the other prepared in the laboratory from ammonium nitrate. 
Oxygen from permanganate of potash also showed the C-line 
more distinctly than air, but this may probably be attributed 
to the elimination of' a neighbouring nitrogen line. I t  is 
possible, of course, that these gases may have contained traces 
of hydrogen, but in that case it is strange that the proportioxr 
should be so nearly the same as in air. 

These observations certainly seem to leave a minimum of 
room for the hydrogen found by M. Gautier, but I should be 
unwilling to call his conclusion in question on the strength 
of" what are after all but eve estimates. I have not been able 
to find a detailed account of M. Gautier's experiments or of 
what precautions he took to assure himself that the water 
collected could not have had its origin in the glass or copper 
oxide of his hot tubes. The most satisf'actory test would be 
comparison experiments in which oxygen or nitrous oxide is. 
substituted for air, or, perhaps better still, in wbich air is 
used over and over again. 

If, as I should suppose were I to judge from my own 
experiments alone, the residual C-line was not wholly or even 
principally due to hydrogen in the air, it would have to be 
explained by hydrogen evolved from the glass of the sparking- 
chamber or from the platinum electrodes. In view of what 
is known respecting the behaviour of vacuum-tubes, such an 
explanation does not appear improbable. 

* On an Anomaly encountered in Determinations of the Density of 
Nitrogen Gas, Prec. Roy. See. vol. 55, p. 343 (1894). 
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concerning the Gases of the Atmosphere. 103 

Experiments upon the visibility of C in vacuum-tubes have 
shown a much smaller degree of sensibility. The tube was 
in connexion with a Toepler pump and was traversed by a 
stream of air. The passage from high (atmospheric) to 
low pressure took place at a glass capillary which allowed 
about 30 c.c. per hour (reckoned at atmospheric pressure) to 
leak past. When moist air fl'onl the room on a damp day 
(15 ~ C.) was admitted, the hydrogen C.line was very bright, 
nearly obliterating one of the dark bands of nitrog:en. Oa 
drying the air with phosphoric anhydride, the C-line dis- 
appeared. Air mixed with 1 per cent. of hydrogen showed 
it doubtfully, 14 per cent. plainly, 2 per cent. perhaps equally 
with the moist air. The much smaller sensibility (about 
50 times) in these experiments may be partly due to the less 
favourable character of the ground upon which the hydrogen 
line has to show itself. 

Demo~stration at Atmospheric Pressure of Argon from ~er.y 
small quantities of Air. 

Success in reducing the necessary amount of air depends a 
good deal upon the form of tube employed. That sketched 
(fig. 1) allows a minimuln residue to be sparked and examined. 
In some experiments the tube, standing 
over weak alkali, was charged with Fig. 1. 
5 c.c. only of air. The first part of 
the sparking is with electrodes ending 
in platinum points and brought up in 
U-shaped tubes of which the bends are 
filled with mercury. A Ruhmkorff 
actuated by two or three Grove cells 
is employed at this stage, and the sparks 
pass just under the shoulder of the con- 
taining tube, oxygen being supplied 
as required from a small electrolytic 
generator. When the volume is suffi- 
ciently reduced and most of the nitro- 
gen has disappeared, the electrodes 
above spoken of are removed. 

In the next stage the sparks are 
taken between a sealed-in electrode at 
the top of the containing tube, and 
another sealed into the top of a single 
U-tube brought round through the 
alkali, and rising (as shown)through 
the narrow part of the containing tube. 
In order to avoid splashing and consequent risk of fracture 
from sudden cooling of the heated glass, it was thought an 

Scale ~. 
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104 Lord Rayleigh--Slaectvoscopic _]~otes 

advantage that the tubes through part of their length should 
make a tolerably close fit. But  the most important precaution 
appears to be the use of very short sparks and a reduction 
of the battery to two cells. When it is desired to observe 
the spectrum, a small jar must be connected in the usual 
way. 

The spectroscope employed had two prisms, and the sparks 
were focussed upon a somewhat wide slit by a 2-inch lens. 
A low-power eyepiece was favourable. 

The group of lines in the argon spectrum first observed by 
Schus te r*  (fig. 2) is easily seen. Owing to the warmth 

Fig. 2. 

4 3  ~ 4  4 5  4 6  4 7  4 8  4 9  6000  

t I I I I 

~inc I 

I J 

I I 
HI," F 

F is very diffuse, sometimes nearly filling up the interval 
between 4879 and 4847. On one occasion when the original 
air taken was only 5 c.c., the group was ahnost as distinct 
as with pure argon. The residual gas, measured cold, was 
probably no more than "1 c.c. This was rather an extreme 
case, and it would not have been possible to renew the sparking 
without an addition of oxygen, to be afterwards removed by 
careful additions of hydrogen. But the argon spectrum 
shows fairly well even when the gas is diluted with two or 
three times its volume of oxygen. 

I have described this experiment at some length because 
I think that it would make a good exercise ibr students, 
requiring no special apparatus but what they should be able 
to construct for themselves. Although, as I have said, 5 c.c. 
of air is ample, a novice would naturally begin with 10 or 
15 c.c. 

* Rayleigh & Ramsay, Phil. Trans. 186, p. 224 (1895) ; see also Nature, 
vol. 52, p. 163 (1895). 
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concerning the Gases of the Atmosphere. 105 

Concentration of Helium from the Atmosphere. 
In a footnote (13. 498) to a paper on the Separation ot" Gases 

by Diffusion ~, I suggested that the lighter constituent of 
a mixture might be concentrated by causing it to diffuse 
against a stream of an easily absorbable gas, such as carbonic 
acid. In Jan. 1899 a good many trials upon these lines were 
made with the object of putting in evidence the helium of 
the atmosphere, and a certain degree of success was attained. 
A stream of carbonic acid (prepared from marble and hydro- 
chloric acid and reckoned at 3 litres per hour) is main- 
rained for say 14 hours through a diffusion-tube open above 
to the atmosphere. This tube, placed vertically, is about 
40 cm. long and of about 5 cm. diameter. The gases of the 
atmosphere diffuse downwards into the tube, but the heavier 
constituents are held almost entirely at bay by the stream of 
carbonic acid. If  we draw off continuously a supply from a 
point say halfway down the diffusion-tube, we shall obtain 
carbonic acid with a small admixture of atmospheric gases 
in which the lighter ingredients, e. g. water, hydrogen, and 
helium, are relatively much concentrated. In my experiments 
the lateral stream was about 250 c.c. per hour, and was mani- 
pulated with the aid of a Sprengel pump. Between the 
pump and the diffusion-tube was interposed a short length of 
tobacco-pipe through the walls of which the gas had to pass 
,nd which presented the right degree of obstruction. After 
passage to the low-pressure side, the bulk of the CO2 was 
absorbed with alkali, and the residual gases collected over 
alkali at the foot of the Sprengel in the usual way. 

The subsequent treatment for removal of nitrogen by the 
electric discharge was conducted as usual, towards the close 
in the tube described and figured above. The final residue on 
the occasion when Da was best seen (under the jar discharge) 
was about 25 c.c. Argon was also plainl)" visible and probably 
constituted the greater part of the bulk. When the volume 
was doubled by addition of oxygen, D3 was seen less well. 

Success depended a good deal upon precautions to avoid 
the presence of gases, and especially of argon, which had not 
undergone diffusion. It w~s necessary to eliminate the dis- 
solved gases of the dilute hydrochloric acid with which the 
C02 was prepared, and to keep an atmosphere of CO~ in the 
supply-vessel. Until these precautions were taken, D~, though 
frequently suspected, was not clearly and steadily seen. 
Even at the best~ good measurements could hardly have been 
taken ; but the line appeared to be in the right place for 
helium, as distinguished for example from neon. 

Phil. Mag. vol. xlii. p. 493 (1896). 
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